Abstract. Parameterizing a genus-0 mesh onto a sphere means assigning a 3D position on the unit sphere to each of the mesh vertices, such that the spherical mapping induced by the mesh connectivity is not too distorted and does not have overlapping areas. Satisfying the non-overlapping requirement sometimes is the most difficult and critical component of many spherical parametrization methods. In this paper we propose a fast spherical mapping approach which can map any closed genus-0 mesh onto a unit sphere without overlapping any part of the given mesh. This new approach does not try to preserve angles or edge lengths of the given mesh in the mapping process, however, test cases show it can obtain meaningful results. The mapping process does not require setting up any linear systems, nor any expensive matrix computation, but is simply done by iteratively moving vertices of the given mesh locally until a desired spherical mapping is reached. Therefore the new spherical mapping approach is fast and consequently can be used for meshes with large number of vertices. Moreover, the iterative process is guaranteed to be convergent. Our approach can be used for texture mapping, remeshing, 3D morphing, and can be used as input for other more rigorous and expensive spherical parametrization methods to achieve more accurate parametrization results. Some test results obtained using this method are included and they demonstrate that the new approach can achieve spherical mapping results without any overlapping.
Introduction
Surface parameterization refers to the process of bijectively mapping the whole surface or a region of the surface onto a 2D plane, a 2D disk or a 3D sphere. Parameterization is a central issue and plays a fundamental role in computer graphics [16] . It finds a correspondence between a discrete surface patch and an isomorphic planar mesh through a piecewise linear function or mapping. Parameterization of 3D meshes is important for many graphics applications, in particular for texture mapping, surface fitting, remeshing, morphing and many other applications. In practice, parameterization is simply obtained by assigning each mesh vertex a pair of coordinates (u, v) referring to its position on the planar region. Such a one-to-one mesh mapping provides a 2D flat parametric space, allowing one to perform any complex graphics application directly on the 2D flat domain rather than on the 3D curved surface [14] .
Perfect parameterization of meshes of arbitrary topology currently is still unavailable [6] . Many parameterization techniques are only suitable for genus-0 meshes because of its simplicity and ubiquitous [6] . For example, meshes for almost all the animals are genus-0. Closed manifold genus-0 meshes are topologically equivalent to a sphere, hence a sphere is the natural parameter domain for them. Parameterization of a genus-0 mesh onto the sphere means assigning a 3D position on the unit sphere to each of the mesh vertices, such that the spherical mesh (having the same topology and connectivity of the original given mesh) is not too distorted and does not overlap. There are some techniques that can be used to achieve less mapping distortion, such as harmonic mappings and conformal mappings, which have been intensively studied recently and many nice methods have been proposed. However, for most spherical mapping methods, satisfying the non-overlapping requirement is still no guarantee, although this requirement is a critical component of any spherical mapping process.
Most parametrization methods are very expensive and take long time to achieve a desirable mapping [9, 15, 16, 18] . In this paper we describe a new iterative approach for fast spherical mapping of 3D models from a genus-0 mesh to a 3D unit sphere. The new method is easy to understand, easy to implement, and can achieve relatively good mapping results. More importantly, our approach can guarantee that the resulting mapping has no overlapping area on the sphere. The basic idea is to first project a closed genus-0 3D model into a unit sphere, then using subdivision techniques to smooth out the overlapping areas in the sphere. The project and smoothing process does not require setting up any linear systems, nor any matrix computation, but is simply done by iteratively moving vertices of the genus-0 mesh locally until a meaningful mapping without any overlapping is reached. Therefore the new iterative method is very fast and consequently can be used for meshes with large number of vertices. Moreover, the iterative process is guaranteed to be convergent. The capability of the new approach is demonstrated with test examples shown in the paper.
Previous Work
3D Parametrization/spherical mapping: There are many publications [6] on surface mapping or parametrization because it is now a popular topic and has been intensively studied recently. Many nice methods have been developed for genus-0 or arbitrary topology meshes. Most research work is done based on genus-0 meshes, because for arbitrary genus meshes, a well-known parametrization approach can be used to somehow segment the mesh into disk-like patches such that each of the patches is genus-0. The challenge of this approach is to obtain mappings that are smooth across the patch boundaries and these methods, like the one presented in [14] suffered indeed from this problem although recently Gu and Yau proposed a different method to compute parameterizations that are globally smooth with singularities occurring at only a few extraordinary vertices [15] . For genus-0 meshes, much more research has been done on mesh parameterization due to its usefulness in computer graphics applications [6] .
